As both fierce competition between companies and diversification of the customer's needs are increasing, there is a growing demand for developing new functions of products. Due to a limited number of studies about a systematic framework that helps to generate new functions, fragmentary ideas are currently only generated by simple traditional methods such as a brainstorming. This study proposes a user scenario based methodology for developing new functions of products. The methodology consists of four steps: (1) Survey the target business domain, (2) Define factors and factor levels, (3) Build user scenarios by factor combination, (4) Generate new functions based on user requirements analysis. In order to verify and supplement the methodology, it has been applied to various product categories. Case studies on mobile devices, TV's, and vehicles are compared and analyzed. In addition, it turned out to efficiently generate a large number of new functions. We expect to encourage more active research studies on new product developments from the human factors perspective.
Introduction
Product lifecycles are getting shorter, while customer needs are growing. Thus, new product development has become important to every production enterprise's survival [1] . Many researchers have suggested various development processes according to product type or application domain [2, 3, 4] . The early stages of the development process are important because they have a significant impact on the subsequent stages, as well as the performance of the final product [5] . In other words, generating ideas in the early stages should be carried out effectively and efficiently in order to achieve successful product development.
Nevertheless, research about idea generation for new products is lacking. Existing processes focus on product quality and efficient production [6] . In reality, however, most developers rely heavily on simple, well-known brainstorming techniques to generate ideas [7, 8, 9] . However, brainstorming has a limit on creative problem solving in that it has the potential to generate ideas beyond the scope of the issue at hand. Furthermore, there is a decline in productivity when conducted in a group [10] .
The aim of this study is to propose an objective, robust idea-generation methodology that is not affected by the abilities of individual developers. The core of this methodology is user scenarios, which are obtained by a combination of various factors. It is significantly different from existing scenario-based approaches because it can systematically simulate all kinds of user experiences. A number of user scenarios were explored to develop new functions.
In this paper, we introduce the methodology and present case studies for mobile devices, television, and vehicles.
Methodology for Developing New Functions
We propose a user scenario-based methodology for developing new functions for products. Each step is explained below.
Determine the target business domain.
First, the target domain is determined to maximize the company's profits. Based on surveys on existing and emerging business domains, specific business domains are selected by diverse selection criteria, such as market attractiveness, level of competition, and internal competency [11] . 2. Define factors and factor levels. Factors and factor levels are defined from the existing business items in the target domain. After breaking down each business item into several keywords, factors are determined by grouping keywords, and each keyword becomes a factor level [11] . For example, when the target domain is Intelligent UI, then the factors can be determined as context factors, intelligent functions, and application domains. 3. Build user scenarios by factor combinations. User scenarios are developed by combining factor levels. One of the factor levels for each factor is selected, and they are all combined. Obtaining all possible scenarios is very time-consuming and costly, so scenarios should be limited to appropriate ones in terms of attractiveness, universality, and potential [11] . 4. Generate new function ideas. Each scenario is elaborated by considering human behavior and actions. Then, a user needs and requirements analysis is conducted for the elaborated scenarios. Diverse function ideas are generated to meet several needs and requirements.
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Case study 1: Intelligent Functions for Mobile Devices
The first case study was conducted for a company that manufactures mobile devices. Advanced features for mobile devices have been developed to attract customers. It was accelerated by state-of-the-art technologies, such as motion and voice recognition sensors and touch-screen displays [12] . From a market survey, we decided to develop intelligent UI functions that are also promising in various fields such as smart PCs, smart homes, and smart vehicles.
Based on literature surveys of business items, three factors were determined: context, intelligent functions, and application domain [13] . The context factor explains the situation, such as a person using a mobile device. It was categorized into four groups: user, device, environment, and other users. Intelligent functions have four categories: information provision, adaptation, communication, and information recording. Finally, we conducted market research to investigate promising application domains for intelligent UIs. As a result, five categories were determined: built-in applications, settings, pictures/videos, multimedia content, and navigation. Examples of factor levels are listed in Table  1 .
We combined factor levels selected from each factor to obtain user scenarios. If we select factor levels such as 'Bus', 'Localized Information', or 'Path Information', which belong to the context factor, intelligent functions, and application domains, respectively, we can get a scenario in which a person who is watching a video while riding a bus wants to know if he/she is arriving at the destination. The scenario-building procedure is shown in Figure 1 .
We elaborated scenarios through a brainstorming session and analyzed user needs and requirements. Finally, a total of 571 new function ideas were generated, and 20 ideas were selected by such criteria as marketability, attractiveness, and ease of development. From the above scenario, the following function idea was obtained: providing users with information about transfer and departure points on the display of, and via sound from, a mobile device, even as they enjoy multimedia content. 
Case study 2: UI Functions for IPTV
As the high-speed Internet infrastructure has been constructed, users have begun to create and share content, called user-created content (UCC), through Internet sites [14] . We applied the methodology to generate UI functions that can be created by a user and spread to other users. In addition, we thought that internet protocol television (IPTV) is the optimal device to apply UI functions to because it provides interactive services through the high-speed Internet. We determined three factors: context, user tasks, and application domain. The context factor was determined to explain situations in which a user uses IPTV. It was classified into six categories: user profile, user state, user patterns, time, environment, and other users. For example, the user state was divided into emotional state and physical state. User tasks were determined based on action taxonomies [15] . Then we added user activities of consumer electronics. The category of user tasks included service creation, service recreation, service usage, service connection, browsing, and e-commerce. Application domain was analyzed to derive specific features of IPTV. It was categorized into five groups: live broadcasting, multimedia, the Internet, settings, and convenient functions. Example factor levels are shown in Table 2 .
We combined the factor levels to create scenarios. As shown in Figure 2 , a variety of scenarios were created depending on the combination of factor levels. Based on user needs and requirements in user scenarios, a total of 204 functions were successfully created. Three main aspects were considered: intelligence, personalization, and attractiveness in selecting the new functions.
Case study 3: Smart Functions for Vehicles
The convergence trend of vehicle and information technology has been accelerated and in-vehicle information systems are getting more and more complicated. They provide drivers with fruitful information and improve drivers' awareness. However, they can also increase a driver's mental workload and cause distraction, and can ultimately cause or contribute to dangerous driving conditions [16] . To improve driver safety, we decided to develop smart functions for vehicles.
We defined two factors: the context factor and the safety hazard factor. The context factor was focused on driving situations. For example, the driver category, which was defined in contrast with the user category in preceding case studies, includes the driver's destination, main task, and secondary tasks. The scope of the safety hazard factor was narrowed down to driver/task/environment, which can cause increased driver cognitive workload and a greater potential for distraction. Through a literature survey, a total of 262 causes were collected and classified into four categories: driver's physical and mental state, confusion about priorities among driving-related tasks, conducting secondary tasks, and interference by obstacles. Four categories were defined as factors, and the causes become the levels of each factor. Example factor levels are explained in Table 3 .
Scenarios were created based on the factor combination approach. As shown in Figure 3 , when we combine 'Tunnel' and 'Outside Noise', we get a scenario about drivers speeding in an effort to be in time for work. A brainstorming session for function idea generation was held to analyze physical and mental constraints for each scenario. Finally, 365 smart function ideas were developed to solve some of these constraints.
Conclusion
In this paper, we proposed a systematic procedure for generating new function ideas. It was applied to various product domains, and many functions were successfully developed. A factor-combination approach was successful in simulating user scenarios in terms of the human factor's viewpoint. The methodology developed in the study is expected to be used in the industry to develop new product ideas. In the future, we will extend the methodology to service application domains.
